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ABSTRACT

In this study, the language-related ERP studies relevant to the functional
role of the N400 and P600 in semantically anomalous sentences and
the underlying reasons which may affect their functions were reviewed.
Since their discovery, the N400 and P600 have been the most important
language-related ERP components. The N400 has been mostly elicited as
a result of processing sentences with lexical and semantic anomalies, but
later on, in many studies instead of the expected lexical-semantic N400
effect, semantic anomalies elicited a P600 effect called semantic P600.
However, the functional interpretation of these two ERP components
has constantly been a matter of debate. Perhaps most notably, it is
proposed that it is not just the N400 which is related to semantic
anomalies but the P600 can also be reflected as a result of these kinds
of anomalies. Reviewing the literature for explaining the functions of the

two ERP components, the N400 and the P600, during the processing
of semantic anomalies revealed that still there is a need for more
research on language processing in order to make the researchers
capable of describing the underlying factors influencing them,
especially more focused investigations of the functional-anatomical
and neurocomputational models may provide a clearer understanding
of them. Moreover, any practical theory or model of the N400 and
the P600 in language comprehension needs to consider the apparent
inconsistencies in the elicitation pattern of the N400 and the P600 in
order to successfully capture the full data spectrum.
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INTRODUCTION

In the course of communication, the speaker tries to make a string of
words that are semantically and syntactically congruent (1). The listener
also tries to incorporate the semantics, pragmatics, syntax, and prosody
of the speaker’s speech into meaning (2). In order to fulfill this end, the
listener seems to follow these speech features, predict the upcoming
speech, and involve in further processing when predictions are not
compatible with what is expected (1). Many of these processes underlying
language comprehension have been explained in different studies that
attempt to integrate incoming knowledge during language processing
(3). The different aspects of speech processing are supported by a series
of cortical oscillatory and event-related potential (ERP) responses that
emerge during the speech, showing the neural mechanisms that may
support language comprehension (4). Hence, the neuroelectric activities
of the human brain that accompany linguistic processing have been
studied through the recordings of ERPs from the scalp (5). The most
important language-related ERP components are the N400, a centro-
parietal negativity, peaking about 400 ms, and the P600, a positive
deflection in centro-parietal and sometimes frontal areas, peaking about
600 ms after the onset of the anomalous item (6).

Despite a large amount of research on the N400 and the P600 effects, as
yet, there is no agreement on the functional basis of these components

(1). ERP studies of semantic processing, as Newman et al. (7) described,
have generally used a 'violation paradigm'’ to identify indexes of different
temporal stages of processing. In this paradigm, subjects read or hear
correctly formed sentences intermingled with sentences that have
some sort of violation or incongruity of semantics. In this study, along
with reviewing empirical studies considering semantic violations, we
will describe the factors which may affect the functions of these two
components in response to the processing of semantically anomalous
sentences.

THE N400

N400 is one of the most studied language ERP components, which
was first introduced by Kutas and Hillyard (5). Many studies examining
the processing of semantic anomalies targeted the N400 component.
Regarding the literature, the processes underlying the N400 component
reflected in semantically anomalous sentences are mostly sensitive to
some important factors such as contextual factors, semantic expectancy,
and predictiveness.

In the initial study by Kutas and Hillyard (5), it was revealed that when a
contextually anomalous word appears at the end of or within a sentence,
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a negative-going ERP component that peaks at 400 milliseconds will
be produced. In the same line, recently, Cosentino et al. (8) argued that
the reported N400 revealed the critical role of contextual factors in
modulating the meaning of words.

In a study regarding the role of semantic expectancy, Kutas and Hillyard
(9) found that the N400 amplitude decreases when the expectancy of a
word increases in a given context. Most recently, Jiang and Zhou (10) also
discussed that the role of expectancy is very important during semantic
anomaly judgment on the size of the N400 amplitude. They revealed that
an anomalous noun, which is preceded by a strong expectancy context,
reflects a smaller N400O amplitude relative to an anomalous noun with an
unexpected preceding context.

Considering the prediction factor, Cheimariou et al. (11) investigated the
mechanisms underlying the N400 effect with respect to predictiveness
and congruency. Their findings showed an interaction among
predictiveness, congruency, and age. They supported the idea that lexical
access and integration work in parallel and are modulated by a common
prediction error. Along the same line, Szewczyk and Schriefers (12)
examined if the N400 amplitude decrease for predictable words is due to
the preactivation of the critical word or to the difficulty in the integration
of the word with the sentence. Their results emphasized the role of
prediction in sentence comprehension. In another study, Calloway and
Perfetti (13) investigated whether the readers use integrative or predictive
processes during the processing of semantically anomalous sentences.
The results indicated that prediction and integration are both important
processes in language comprehension. In detail, activation from memory
and from the context words both affect each other.

Many other experiments on the N400 effect in response to semantic
anomalies have examined other different factors such as level of
language proficiency, emotion, age, task effects, etc. Regarding the role of
proficiency, Newman et al. (14) found that different levels of processing
semantic anomalies are affected by different levels of language
proficiency. That is, the N400 amplitude to semantically anomalous
words are larger in English language speakers with low proficiency
regardless of native or second language learners. Miao (15) also discussed
that language proficiency has a close correlation with brain responses
to semantic anomalies. He reported similar patterns of the N400 effect
in the participants with high language proficiency, but no significant
effect in the low proficiency participants. Most recently, Liang and Chen
(16) found that semantic incongruity reflects an N400 for bilinguals with
high and low second language proficiency. However, they showed that
the N400 amplitude was much larger in bilinguals with higher second
language proficiency.

Regarding the role of emotion, in a recent study, Tabatabayee et al.
(17) conducted an ERP study with respect to the emotioncy (emotion +
frequency) model, a notion that emphasizes the role of sense-induced
emotions in language processing. They revealed that involving more
senses during the instruction of the target words can lead to a smaller
amplitude of the N400 in response to the processing of semantically
anomalous sentences containing the instructed words. Likewise,
Pishghadam et al. (18) used the emotioncy model to explain the effect
of sense combinations in modulating the N400 during the processing of
semantically anomalous sentences. They revealed that different sense
combinations did not have a significant effect on the N400 amplitude
during the processing of semantic anomalies.

Considering the age factor, Abel et al. (19) asked children to identify the
meaning of words presented in a text with strong contextual cues and one
with not appropriate ones. Their results showed a decrease in the N400
amplitude for words in the text with a supportive context, indicating that
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the underlying mechanisms for word learning in children are the same as
the ones related to the N400 for extracting word meaning.

In another study, Zunini et al. (20) investigated the neural correlates of
semantic richness in words and its interaction with task demands targeting
the N400 effect. As they discussed, the N400 amplitude decreases when
the words are highly associated with the context, and they emphasized
the role of different task demands on semantic richness.

THE P600

P600 is another language-related ERP component that has been analyzed
in different studies throughout the years since it has been discovered.
Many studies discovered that certain types of semantically anomalous
sentences that are syntactically congruent did not elicit an N400 effect
but a P600 effect instead (21). Hence, the studies in which semantic
incongruities have elicited P600 effects instead of N400 ones tried to
find the underlying processes regarding this phenomenon (22). In the
following section, the new concept of semantic P600 will be discussed.

Semantic lllusion or Semantic P600 Effects

In contrast to the dominant belief, which has been considered the P600
effect as a result of a purely syntactic violation, researchers using ERPs
to study language comprehension were confronted with a phenomenon
they called ‘Semantic Illusion’, which is originated from a study by
Erickson and Mattson (23). Some studies have called this phenomenon
a ‘semantic P600 effect, emphasizing the non-syntactic nature of
the evoked late positivities (21). The semantic illusion occurs when a
semantically anomalous, syntactically well-formed sentence elicits a
P600 effect but no N400 effect (24). The researchers assumed that the
absence of the N400 effect is due to the independent semantic analysis
without reference to the sentence structure, which leads to the illusion
that the sentence is correct, but after some milliseconds, the reader
understands that their interpretation is wrong and leads to an increase in
the P600 amplitude (25). Some processing models have been proposed
as an explanation for this phenomenon. Most of these models are of
two kinds: multi-stream models and single-stream ones, which will be
discussed in the next section.

Multi-Stream and Single-Stream Models

The multi-stream models typically consider two or more processing systems
for sentence processing and challenge the previous sentence processing
theories, which emphasize the dominance of syntactic representations
over semantic ones. As Leckey and Federmeier (26) noted, these accounts
provide evidence that different kinds of language processing difficulties
lead to different functional and neural effects, reflecting in the N400 and
P600 components. In contrast, single-stream models propose that different
ERP components (the N400 and P600) reflect in response to the different
parts of a unified processing stream. For example, the single-stream model,
which was introduced by Brouwer et al. (24) has given a retrieval role to
the N400 and an integration role to the P600. The multi-stream models
considering semantic anomalies include the Semantic Attraction account
(22), the Monitoring Theory (27), the Continued Combinatory Analysis
(28), and the Processing Competition model (29).

In the Semantic Attraction model, Kim and Osterhout (22) explained the
semantic P600 effect through the semantic attraction. In fact, from their
point of view, the semantic attraction between a verb and its argument
can be so strong that it overrides the syntactic evaluation.

In the next model, The Monitoring Theory, van Herten et al. (27)
proposed that when the reader is presented with semantically anomalous
sentences, the brain reanalyzes the memory trace of the perceptual input
to check for the possibility of a processing error. As a result, full syntactic
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analysis indicates a semantic anomaly, whereas the word-based heuristic
leads to a plausible interpretation, so the two processing streams come to
the conflicting interpretations of a sentence; the processor monitors the
conflict and tries to resolve these conflicts through reanalysis that reflects
in the P600 amplitude increase.

Moreover, in the Continued Combinatory Model, Kuperberg (28)
suggested that language processing goes along with two competing
streams. The first stream is based on semantic memory, and the second
one is based on morphosyntactic rules and also the semantic-thematic
constraints. She believed that the conflict between the output of these
two competing and, at the same time, interactive neural streams leads to
the P600 effect.

Kos et al's (29) Processing Competition Model is also a two-stream model
with a syntactic and a semantic stream. Both streams simultaneously try
to interpret a sentence, and if the processing of the sentence leads to a
conflict between the two streams, the one which has the weakest support
is responsible for resolving the conflict. For example, if semantic cues are
strong, the syntactic stream is activated and leads to a P600 effect. If, on
the other hand, syntactic cues are strong, the semantic system is activated
and reflects an N400 effect.

In addition to these multi-stream models, Brouwer et al. (24) introduced
a new single-stream model called Retrieval-Integration (RI) model. First,
in the same vein with previous findings (30, 31), they suggested that the
N400 component reflects the retrieval of lexical-semantic information,
but after that, the integration of the retrieved word into the unfolding
utterance reflects in the P600 amplitude. Also, Delogu et al. (6) provide
support for the retrieval-integration account of the N400 and the P600.
Their findings suggested that the N400 reflects context-sensitive lexical
retrieval processes, and the observed P600 effects can be in line with the
integration view. Most recently, Shayesteh et al. (32) also found a late
positive component (LPC) in addition to the N400 effect they found in
response to semantically incongruent sentences, and they corroborated
the previous studies which related this late positive component to the
later stages of semantic integration processes.

Some Recent Empirical Studies on the Semantic P600 Effect

In recent years, many other experiments have been conducted in support
of the semantic P600 notion. For instance, Shen et al. (33) used a semantic
violation paradigm and source localization analysis in order to examine
the functional significance of the semantic P600 effect. The results
corroborated the other findings that the P600 is not just the result of
syntactic processing, but it can also be reflected in semantic processing.
Sikos et al.'s (34) findings are in line with theories that consider the P600
effect as a result of the conflict between syntactic and semantic processing
(22). Indeed, they provided evidence for the previous studies which
emphasize the role of semantic cues during sentence interpretation (35).
For the first time, Zheng and Lemhofer (36) investigated the semantic
P600 effect in the second language (L2) population. They argued that L2
learners could find the conflict in syntactically correct but semantically
implausible sentences, and they show the same neural responses, a P600
effect, as the native speakers do. In a very recent study on second language
learners, Pishghadam et al. (18) argued that the LPC effect, as a later
manifestation of the P600, might be the result of reanalysis in participants
when confronted with a conflict in the semantic representation of the
sentence and what they have expected.

SUMMARY AND CONCLUSION

During the past decades, from the invention of ERPs, the study of
language processing has evolved a great deal. Various linguistic processes
have been investigated, and some ERP components such as the N400
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and the P600 have been discovered, providing important implications
for the neural study of language comprehension. Numerous studies
considered the N400 as the most important component reflected in
response to the processing of semantically anomalous sentences. The
most prominent factors which have been mostly investigated as the ones
influencing the functional basis of the N400 component in response to
semantic anomalies seem to be predictiveness, semantic expectancy, and
contextual factors. As Lau etal. (31) indicated, it seems that the most factors
which affect access and integration also affect the N400 amplitude. In the
lexical access view, it is assumed that the N400 is elicited in response
to the activation of long-term memory, finding compatible entries with
the initial input. In the integration view, it is postulated that the N400
reflects the unification of the chosen lexical item with the other parts of
the available context. In contrast to the dominant literature, some studies
(37, 38) revealed that these two prominent processes are not separable,
and they are cascading processes. Thus, it can be concluded that the
factors mentioned influencing the N400 effect, such as prediction,
context relations, and semantic expectancy, may have been affected by
each other, but more research is needed to be able to prove such a claim.
Furthermore, the studies reviewed here showed that some other factors
such as language proficiency, emotion, age, and task manipulations could
affect the N400O amplitude in semantic anomaly studies.

As it has been shown, the researchers questioned the dominance of the
N400 in semantic anomaly studies, and they found out that it is not just
the N400 effect that is reflected during the processing of semantically
anomalous sentences but also the P600 effect may show up. In this
respect, many researchers have considered it as an important component
in interpreting semantic anomalies, and they have proposed different
models, multi-stream and single-stream models, in order to find an
explanation for the emergence of a P600 effect in response to semantic
anomalies. Also, some later studies have been conducted to put proof on
the concept of semantic P600.

Overall, although an exhaustive review of all the studies regarding the
N400 and the P600 components with respect to semantic anomalies
was not possible, it was attempted to include the most relevant ones.
From all the above-reviewed studies, it can be concluded that despite
the researchers’ attempt for explaining the functions of the two ERP
components (i. e., the N400 and the P600) in processing the sentences
with semantic anomalies, there is still a need for more research on
language processing in order to make the researchers capable of
describing the underlying factors influencing these two ERP components,
especially more focused investigation of the functional-anatomical and
neurocomputational models may provide a clearer understanding of
them. Moreover, any practical theory or model of the N400 and the P600
in language comprehension should consider the apparent inconsistencies
in the elicitation pattern of the N400 and the P600 in order to successfully
capture the full data spectrum.
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